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nutrition, while excessive intake leads to body weight gain and obesity. Energy intake is optimized when intake equals expenditure (i.e., when energy balance is achieved), resulting in no weight change. The energy requirement that expresses optimal intake is established mainly using values obtained using the doubly labeled water method to assess samples of the Japanese population and the reference of values of populations of other countries. As it is impossible to measure an individual's required intake accurately; the energy value is an estimated value, and thus referred to as the estimated energy requirement (EER). The EER is established based on sex, age group, and physical activity level (PAL). The EER is recommended for use in practical settings in place of the true energy requirement because the latter is not possible to determine precisely. An energy intake close to the EER results in a high probability of body weight maintenance, whereas as intake above or below EER results in a high probability of body weight gain or loss, respectively, as illustrated in Fig. 1 . By applying this concept to a group, the probability can be converted into the percentage of a population with excessive or insufficient energy intake of energy. PAL is categorized into 3 levels (low, moderate, and high).
Nutrients
2-1. Basic concept. The EAR was established only for evaluating insufficient nutrient intake, not ensuring adequate or optimal intake, and thus cannot be the only value used in practice. The recommended dietary allowance (RDA) was thus established for use in a practical setting, while the adequate intake (AI) was established for nutrients for which neither the EAR nor RDA can be established. As is discussed later, the AI is more similar to the RDA than the estimated average requirement (EAR) in its application. All 3 DRIs are used for evaluating nutrient deficiency. For those nutrients for which excessive intake has been reported to pose a health hazard, the tolerable upper intake level (UL) was established. However, the UL cannot be determined for several nutrients that may pose a health hazard because of insufficient data for value determination. Figure 2 illustrates a theoretical model of the EAR, RDA, AI, and UL. Applying this figure to a group gives the percentage of individuals with health problems due to insufficient or excessive intake. Several nutrients are included because of their role in the primary prevention of lifestyle-related diseases. However, both the quantity and the quality of research into the values for these nutrients for this purpose has been insufficient (1) . For this reason, the index established for this purpose is referred to as the tentative dietary goal for preventing lifestyle-related diseases (DG). 
S11
The characteristics of and concepts related to these DRIs are summarized in Table 1 (2) . From an application point of view, DRIs related to insufficient and excessive intake should be given the highest priority; only when these DRIs have been found reliable should primary prevention of lifestyle-related diseases be considered. Table 2 shows the list of nutrients and each of the DRIs established for individuals aged 1 y and above. For infants aged 0 to 11 mo, DRIs were established for 30 nutrients excluding saturated fatty acid, cholesterol, carbohydrate, and dietary fiber.
2-2. EAR.
The EAR is defined as the estimated average requirement of an entire defined population (e.g., Japanese men aged 30 to 49 y) based on the distribution of the required intake as measured in a sample population. In other words, it is defined as the intake that satisfies the requirement for 50% (and at the same time does not satisfy that of 50%) of individuals in a certain population. Intake equal to the EAR does not necessarily suggest development of classical nutrient deficiency. The definition of deficiency varies among nutrients.
2-3. RDA. The RDA is defined as the intake that satisfies the requirement of nearly all (97 to 98%) individuals of a certain population. The RDA is theoretically calculated using the standard deviation (SD) of the distribution of the required intake as observed in an experimental study from which the EAR was determined using the following formula:
RDA5EAR3(1123SD) However, because experimental studies can rarely successively determine the SD, an estimated value is generally used instead. The RDA can also be determined using the coefficient of variation (CV) of the EAR and the following formula:
RDA5EAR3(1123CV) The CVs used in the DRIs are shown in Table 3 . 
EAR, estimated average requirement; RDA, recommended dietary allowance; AI, adequate intake; UL, tolerable upper intake level; DG, tentative dietary goal for preventing lifestyle-related diseases. 1 Included when DRIs were defined only for certain age groups. 2 Defined as intake other than that from typical foods.
2-4. AI.
The AI is defined as the intake sufficient to maintain the health of and prevent the nutrient deficiency of almost all members of a population. The AI is used only when both the EAR and RDA are unavailable. Determination of the AI is mainly based on epidemiologic observations of the nutritional intake of a healthy population and the following 3 concepts: 1) For nutrients for which insufficient intake is unlikely, the AI is estimated from the results of simultaneous assessment of health status by the presence of biomarkers and other factors and nutrient intake. When almost no insufficiency is observed, the median intake value is used as the AI.
2) For nutrients for which biomarker and others are unavailable but the representative nutrient distribution of the Japanese population is available, the median intake value is used as the AI.
3) For infants, the AI is determined by multiplying the volume of typical milk intake and the typical nutrient content of breast milk.
2-5. UL.
The UL is defined as the upper limit of habitual intake that is considered to pose no risk of health problems. Theoretically, the UL is the no observed adverse effect level (NOAEL), the maximum intake determined to result in no adverse effects in human studies. Due to limited data regarding the NOAEL in humans and the fact that the studies upon which it is based were of isolated groups, the UL is given as the NOAEL divided by an uncertainty factor (UF) varying from 1 to 5 according to conditions. When the lowest observed adverse effect level (LOAEL), the minimum intake known to cause adverse effects based on studies of particular groups with excessive intake or use of supplements, is known, the NOAEL is determined by dividing the LOAEL by 10.
Adverse effects due to excessive intake in humans are rarely reported, and ethical considerations prohibit conducting human studies into determination of the NOAEL and LOAEL. Therefore, both the NOAEL and LOAEL are estimated based on data collected from animal or, in some cases, in-vitro studies. When only the LOAEL is available, the NOAEL is estimated by dividing the LOAEL by a UF of 10, estimated based on animal studies. When neither the scientific basis nor a consensus of professionals is sufficient for determining the UF, an appropriate UF is selected within a range of 1 to 5 when human data are available and a UF of 10 when only animal data are available. The UFs used in the DRIs are shown in Table 4 . It should be noted that determination of the UL slightly differs among nutrients.
2-6. DG.
A DG is given as preferable intake for primary prevention of lifestyle-related diseases by reducing the risk of their development and that of their biological markers. A DG is determined based on epidemiologic studies and reference to the results of experimental studies. However, the relationship between nutritional intake and risk of developing lifestyle-related diseases is continuous in nature. No remarkable threshold exists, making it difficult to propose an optimum intake range or threshold.
In the DRIs-J 2010, the diseases for which DGs were established were limited to cardiovascular diseases (e.g., hypertension, dyslipidemia, stroke, and myocardial infarction) and cancer (especially stomach cancer). As such, the DGs pertain to intake of fats (fatty acids), cholesterol, carbohydrates, dietary fiber, sodium (salt), and potassium. The major strategy for prevention of osteoporosis and bone fracture, a strongly desirable goal, is maintenance of bone mass. Of the nutrients related to bone health, among which calcium and vitamin D appear in the DRIs-J 2010, a DG was not given for calcium because the EAR and RDA were determined using bone mass as a marker of deficiency of calcium intake, nor was a DG given for vitamin D because of insufficient consensus regarding the determination of the AI of vitamin D, specifically the use of plasma 25-hydroxyvi- tamin D level. The EAR and RDA of vitamin C were determined with some consideration of the prevention of cardiovascular disease. Since the vitamin C requirement has the character of a DG, a DG for vitamin C was not given considering the calculation process. DGs for saturated fatty acids, n-6 fatty acids, and carbohydrates were determined using percentage of energy rather than weight of intake per day (e.g., grams per day) as a unit in consideration of the importance of the energy balance of these nutrients. The goal in determining several DGs was bringing habitual intake toward an upper or lower intake level, while the goal in determining other DGs was to bring or keep habitual intake within a certain intake range. The relationships among the types of DGs and nutrients are shown in Table 5 . Table 6 shows the manner in which segments of a population were classified into different age groups for determination of the DRIs. As in the DRIs-J 2005, infants were generally divided into 2 groups-aged 0 to 5 and 6 to 11 mo-and further divided into 3 groups for determination of energy and protein intake-aged 0 to 5, 6 to 8, and 9 to 11 mo. Children and adolescents were defined as those aged from 1 to 17 y and adults as those aged 18 y and above. For nutrients for which special consideration of the intake of the elderly was necessary, those aged 70 y and above were defined as elderly.
Basic Parameters Used in Designing the DRIs

Age group
Reference body size
The DRIs are expressed only as single representative values of intake for each sex and age group without consideration of body size (body height and weight) within each group. In other words, all the values were determined based on assumption of a typical body size for each sex and age group. For all age groups of individuals aged 1 y and above, typical body size is based on the median height and weight of each sex and age group as reported by the 2005 and 2006 National Health and Nutrition Survey (NHNS) in Japan (3, 4) . For infants aged 0 to 11 mo, typical body size is based on the median values of each sex and age group reported by the 2000 National Growth Survey in Infancy and Childhood (5). Table 6 lists the values obtained.
Nutrient intakes used to establish AIs and DGs
In certain instances, the nutrient intake of a population must be measured to establish AIs and DGs. In the DRIs-J 2010, the median and percentile of sex-and agegroup-specific intake reported in the 2005 and 2006 NHNS (3, 4) were used as reference values. The age group classification of children aged 6 to 11 y differed between the DRIs-J 2010 and the National Health and Dietary Assessment such that the former included 3 groups (6 to 7, 8 to 9, and 10 to 11 y) and the latter 2 groups (6 to 8 and 9 to 11 y). Hence, the mean value of children aged 6 to 8 y, the average of the mean values of children aged 6 to 8 y and aged 9 to 11 y, and the mean value of children aged 9 to 11 y as reported in the 2005 and 2006 NHNS were to determine the DRIs for the age groups 6 to 7 y, 8 to 9 y, and 10 to 11 y, respectively. It is well known that the accuracy of almost all dietary assessments, including those conducted using the dietary record method, suffer from under-reporting (6). One Japanese study reported an average underreporting rate of 16% in men and 20% in women (7) . However, the extent of under-reporting in the 2005 and 2006 NHNS (3, 4) . upon whose data the DRIs-J 2010 were largely based, is unknown. A theory and practical means of resolving this problem have not been proposed in either Western countries or Japan. Therefore, the data obtained from the surveys (3, 4) were used without any adjustment for possible under-reporting. Table 7 lists the nutrients for which intake data were used to determine the AIs or DGs.
Integration of research results
Determination of the DRIs was performed in accordance with reference to systematic reviews and the results of high-quality studies to the greatest extent possible. Because a value must have been determined using results from more than one study, the guidelines shown in Table 8 were used for integration of research results.
Consideration of intervention studies using supplements
Supplementation of several nutrients at extremely high doses that cannot be obtained from typically ingested foods is thought to prevent lifestyle-related diseases. Any intervention studies using supplements to examine this claim were consulted in determining the DRIs and included as references. However, as there have also been reports of unfavorable health effects (8) after certain favorable results have been reported, a conservative standpoint was used when considering the suitability of additional intake from non-usual sources, such as supplements. The results of studies that examined intake levels unachievable by consumption of typical foods were not considered in the determination of the DGs. 6. Extrapolation methods 6-1. Basic concepts. The data used to establish 5 DRIs (EAR, RDA, AI, UL, and DG) were obtained for a limited range of sex and age groups. Therefore, establishing the DRIs for each sex and age group required extrapolation of available data from one group to other groups. As the reference values for the EAR and AI are often based on the daily intake (weight/day) while the reference values for the UL are given per kg of body weight, different extrapolation methods were used. The EAR for each sex and age group was established by extrapolating from the EAR reference values. The RDA for each sex and age group was established by multiplying the EAR by the coefficient shown in Table 3 . The sexand age-group-specific AI was calculated by extrapolation from the reference AI value.
6-2. EAR and AI.
It is difficult to develop a method of extrapolation that accounts for the characteristics of each nutrient. Because the efficiency of energy metabolism highly correlates with body surface area, a formula estimating body surface area from body height and/or body weight has been widely used to determine energy metabolism. Among the formulae developed to estimate body surface area from body height and/or weight (9), a formula developed in 1947 using the weight ratio to the 0.75 power was used in determining the DRIs (10) . Recent studies have reported that this method is useful for estimating the organ weights of various animals, including the cardiovascular and respiratory organ weights of mammals (11) . Based on these reports, extrapolation is performed as follows when EAR and AI reference values per day (weight/day) and a representa- 3(11G), where X5EAR or AI (intake per day) of a specific age group, X05reference value of EAR or AI (intake per day), W5reference body weight of the specific age group, W05median or mean of body weight of group that provided EAR or AI reference value, and G5growth factor (see Table 9 ).
In several studies, the EAR or AI reference value is given per kg of body weight. In such cases, extrapolation is performed as follows:
X5X03W3(11G), where X5EAR or AI (intake per day) of a specific age group, X05reference value of EAR or AI (intake per day), W5reference body weight of age group, and G5growth factor (see Table 9 ).
For children, the following growth factor values must also be taken into account: (1) the additional intake of a nutrient required for growth and (2) the quantity of the nutrient accumulated in the body during growth. To obtain these values, the values used by the FAO, WHO, and UNU (12) and the United States and Canada in their DRIs (9) were modified for each age group of the Japanese population (Table 9) . For infants aged 6 to 11 mo, the following 2 methods were considered: (1) extrapolation based on the value for infants aged 0 to 5 mo and (2) use of the median value of infants aged 0 to 5 mo and children aged 1 to 2 y. For extrapolation of the DRI values to infants aged 0 to 5 mo, the following formula has been proposed (9): DRI for infants aged 0 to 5 mo 5 reference weight of infants aged 6 to 11 mo/(reference weight of infants aged 0 to 5 mo) 0.75 As infants aged 0 to 5 mo are in the growth stage, determination of their DRIs must consider allowances for growth factors, which the formula given above fails to do. When the value of the reference weight is substituted in the formula, the expressions for boys and girls are (8.8/6.4) 0.75 and (8.2/5.9) 0.75
, yielding values of 1.27 and 1.28, respectively. As use of these formulae produces extrapolated values that are slightly different for boys and girls, the mean of these values is used to determine the AI for both sexes.
6-3. UL. As is the case for the EARs and AIs, none of methods used to extrapolate the ULs produce values that are sufficiently reliable. For age groups for which data are insufficient, 1 of 2 methods is generally used to establish the value. When the UL reference value is given as a quantity in terms of kg of body weight, the UL is extrapolated as follows:
X5X03W, where X5UL (intake per day) of a specific age group, X05UL reference value (intake per day), and W5refer-ence body weight of the specific age group.
When the UL reference value is given as a quantity per day, the UL is extrapolated as follows:
X5X03(W/W0), where X5UL (intake per day) of a specific age group, X05UL reference value (intake per day), W5reference body weight of the specific age group, W05median or mean of body weight of group that provided UL reference value.
Methods of rounding values
For the sake of convenience and reliability, EAR, RDA, AI, UL, and DG values are routinely rounded off according to the rules shown in Table 10 . For all age groups of children and adults, a single rule was applied for each nutrient. Values for infant and additional values for pregnant and lactating women were rounded to the same number of digits as those used for other sex and age classes. After rounding values, they were smoothed when necessary to remove an excessive difference from neighboring age groups.
Discussion
This review briefly described the theory used in determining the DRIs-J 2010, whose understanding is indispensable in the appropriate use of the values contained in this report. The theory is similar to those used in determining the DRIs in the United States and Canada. However, the DRIs-J 2010 adopted the concept of prevention of chronic diseases using DGs. This is unique and seems to be important because control and prevention of major chronic diseases, i.e., lifestyle-related diseases, is the most important issue in most of devel- Nearest 100 5,000
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When reference value of UL was given as a quantity per day, the extrapolation equation used was the following: X5X03 (W/W0), where X5UL (intake per day) of a specific age group, X05reference value of UL (intake per day), W5reference body weight of the specific age group, W05median or mean of body weight of group that provided reference value of UL.
oped countries. However, the scientific basis behind this concept is insufficient, requiring its modification based on scientific evidence accumulated in the future. Continued effort to establish the most appropriate DRIs for the Japanese population should be strongly encouraged with an eye toward future revision of the DRIs.
